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On the Mechanlsm of Graphltlzatlon of High-Carbon Steel.
(Study on the graphitization of high-catbon steels-—II)
(Late) Naomichi YAMANAKA and Kunio Kusaxa

Synops1s
Several expemments have been made in an effort to reveal some of the fundamental factors
_-which play a role in the graphitization of pure high-carbon steels deoxidized with aluminum
~ and silicon. The authors suggested following mechanism for graphitization of high carbon

steel.
(1) It is.considered that the graphitization proceeds by the nucleatlon and growth’ reaction.

In order for cementite to decompose into graphite and ferrite, nuclei must be formed.
The growth of graphite nodules takes place by the diffusion of carbon atoms through
the ferrite lattice.

(2) "It is considered that these nuclei- may be formed by decomposition of unstable
cementite,. and tlhe rate of nucleation depends on the form and composition of
cementite. Nitrogen-and carbide-forming elements such as chromium, manganese,
‘tungsten and molybdenum make cementite stable. Alummum, silicon, titanium,
zirconium and .boron tend to make cementite unstable and promote graphitization
through its role as a scavenger for nitrogen. A small amounts of tin and arsenic

. make a steel highly resistant to graphitization. ‘

(3) Graphite forms more rapidly in steels after quenching to martens1te of cold working

than after normalizing or annealing. It is considered that the strain -added to
~ cementite particles by prequenching to martensite and tempering or cold working
wotld tend to decrease the stability of cementite. -
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Table 1. Chemical composition of steels tested.

Steel : ' Chemical composi’ﬁibn (%)
No. ' o
- C Si Mn | P S Ni | Cr | Cu | Sn "|Sol. Al Insol.All 2 Al| 3N
GS-93 |. 1°09 *18 *42 | *012| *015 tr tr tr tr *005 *004 *013 012
- 46 113 | "27. *51 | 008 | ‘012 4 v 7. 4 *013 *003 *016 *010
- 48 114 ‘.28 45 | *010 | *014 4 *01 4 4 024 *004 - *028 °010
=129 1*10 *23. ] *42 | *009 | *014 4 tr 4 ., *030 *003 *033 | - *010°
- 45 1°09 *29 . °51 | *010 | 012 4 4 4 4 *038 *005 *043 | *014
- 47 1°10 *23 *48 | *007 | *013 | 7 4 4 7 *091 *004 _*095 *011
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Photo. 1. Microstructure o
GS-254 steel, heated 3h at
650°C after water—quench-
ing from 870°C.

X1000 (2/3) .

Photo

< 2. GS-21 steel, heated

" 6h- at 650°C after water-
quenching from 760°C
following the 1100°C treat-
ment. X300 (2/3): -

-Photo. 3, GS-254 steel heated. - <. -
6h at 650°C after cold- . .. .
drawitg from 10§ "to 8§ .7 e
©X1000(2/8) S

Table 2. Chemical composition of “steels tested, « T ni T

Steel Ch»emiv_cal composifion (%) , . -
No. v
C | S |Ma| P | S |Ni|Cr|Cu|Sn |Ti|SolAlllnsolAlS Al| N
GS-254 | 097 | 23| +23|-010|-015| tr |-002| tr | -co3 | 014 | -oof |-015| 003
-~ 21 [1°09 | 28| *41|-009 | *O11 | # tr 7| tr 183 <1 *Q06 . | +183 | - *007
GS-121 ] 098 | +32| <36 *007 | *016 | tr 02 | tr | 003 006 003 | *009 | *025
-100 | 1*00 | *30 | *47 | =007 | *017:| 7 *02 | *01 | *005 |- . © 076 ‘005 | -081 | -025
=205 | 1700 | *33 | 49 | *Ot1 | *011 | 7 tr tr | *004 | 236 | *0l4 ‘001 | *015 | -008
GS-153 | 0°18 | *09 | 17| *008 | *012 | tr -| tr tr | tr ‘018 | *006 .| *024 | 011
-154 | 042 | *15 | 27 | *007 | 011 | # ” % ” *031 006 | *037 | -0l
-124 | 0%64 | 18| *36 | 009 | *O13 | 7 0+0t| ot | 7 ‘036 |* *004 | *040 | *009 .
-122 | 089 | 22| .36 | 008 | *010| # | tr 01 | 7 *025 ‘003 | *028 | 014
- 24| 1°08 | 28| 42| *008 | ‘010 | ~# 4 tr ” *033 *004 | *037 | 0069
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¥ ' ' Table 3. Chemical composition of steels tested. . '
¥ ; : ‘
Steel Chemical composition (%) -
No. -
c |si|Ma| P | s | N |cr|ca| sn [soarilmsoltya | oyN
GS—IéI 1°01 | 0*21 | 0*44 |0°013 | 0*012 “tr .| 0°01 tr 0003 0°002 - O'OOI. 0°003 0012
-252 1°06 | 0°25 | 0*44 0012 | 0*015 4 0°02 , v 0°004 0°012 "} 0°002 0°014 0°008
-231 | 102 0°29 | 0°46 (0°011 OfOlS 4 tr 7 0°003 0017 0°002 0°019 0°010
- 99 1°19 | 030 0*46 {0°008 | O*017 7. 1002 4 0°003 0°016 0°003 0°019 0°026
-100 | 1+*07 [ 0°30 | 0°47 [0°007 | 0*017 4 0°02.| 0°03 | 0*005 0076 0°005 0°081. | 0°025
Table 4. Chemical composition of steels tested.
. Steel Chemical composition = (%)
No. . ] . . - .
C Si | Mn P S Ni Cr Cu | Sn |Sol. Al [Insol.All ¥ Al 2N
G S-153 0°18 0°0%9 | 0°17 |"0°008 |0°*012 tir ir tr | tr 0°0is 0°006 0°024 0011
: -154 042 0*15 | 0*27 | 0°007 |0*0O11 4 . 4 ” 0031 0°006 0037 0°011
) i -124 064 0*18 { 0°36-| 0O°009 |0°013 ” 001 | 001 ” .0°036- | 0°004 0°040 0°009
-122 0°89 022 | 0*36 | 0°008 - |0°010 4 tr 001 71 0°025 0003 0028 0°014
- 24 108 0+28 | 0*42 | 0008 . |0°010. ” 4 ',tr ” 0°033 0°004 0°037 0°0069
-128 137 O"33 042 0007 |0°017 4 4 4 4 O'035‘ 0005 0°040 0010
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Effect of Ndnmetallic Inclusions on Sensitivity of Steel to

Induction-Hardening Crack.

v Synopsm

Hachiro HoMma

“To select the induction hardening steels, the author studled the effect of the nonmetallic
inclusions on the sensitivity to induction-hardening crack.

Namely, making use of the properties of the sulphide inclusions that of shape and distribu-
tion were changed remarkably by deoxidizing method in the steel melting, the author had
prepared many crack test specimens that contained the abovementioned inclusions and.
various -oxides, and examined the crack test by repeated quenchmg method on the induction
hardéning. ‘
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